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Abstract 

We calculate the amount of primordial matter density contrast 
and the size of the very early universe in the recent Quantum Big 
Bang theory [Arxiv:0705.4549[gr-qc](2007)] of the cosmological con- 
stant. We obtain {8p/p)M = 1-75 x 10 -5 , without the introduction 
of an adjustable free parameter. Harrison-Zel'dovich /j-dependence 
with A = 64/9-7T 2 = 0.72 and n = 1 in \5k\ 2 = Ak n arises inherently. 
The size of the universe with which it enters the classical Friedmann- 
Robertson- Walker (FRW) phase comes out to be 0.2 cm. We conclude 
that the hypothesis of classical inflation at an early stage of cosmic 
evolution is not needed. 



1 



In a recent paper [1] we constructed the Quantum Big Bang theory of 
the cosmological constant in which its presently observed very small value 



A/3 = 1.00 x 10~ 61 - appears naturally. (Throughout this paper we use 
units in which G — c — h — 1). The Quantum Big Bang theory [1] is con- 
structed by applying the method [2] earlier given by Ram, Ram and Ram to 
the classical de Sitter line element. In the resulting quantum theory there 

appear discrete de Sitter zero-point quantum states with zero-point energies 
3 3 3 

—Uq, -oj\i -u>2, ■ ■ ■ ', uj , u>i, u 2 , ■ ■ ■ being the frequencies of independent oscilla- 

2 2 2 

tors. 
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As a result of the first quantum bang (QB) the zero-point energy -ou is 

3 3 
reduced to -uj\ and the difference -(cuq — ui) = 2(l)ui is transformed into 

one pair of mass quanta, each quantum of frequency uj\. As a result of the 

3 3 
2nd QB, the zero-point energy -uj\ is further reduced to —lj 2 , the difference 

3 

— — U2) = 2(2)c^2 being converted to 2 pairs of mass quanta, each mass 

quantum of frequency o; 2 . And so on, till as a result of the last 43-rd QB, 43 
pairs of mass quanta, each of frequency CJ43 are created. 

Everyone of these mass quanta contributes to the matter density pm, 
the contribution of each quantum being proportional to the square of its 
frequency u (see [1]). 

First we wish to calculate the matter density contrast (Sp/ p)u given in 
terms of the frequency contrasts (n — 1, 2, • • • , 43) by the relation 



(1) 

since the frequencies 001,002, ■ ■ ■ ,0*43 contribute independently to the matter 
density contrast. 

In order to do that, let us look closely at the conceptually mathematical 
nature of a QB. 
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After the application in [1] of the method [2] to the de Sitter line element 
the resulting quantum equation (cu = \jA/3) 



Id 2 I 

'idr 




2 + ^u 2 r 2 ) U = i-U (2) 



has only one eigenvalue e = — in 

e= (W-)u;, n = 0,l,2,---. (3) 

Assigning e = — to the n = ground state results in an oscillator of 

6 6 8tt 6 

frequency u = . On the other hand, assigning this eigenvalue — to the 

127T ' 07T 

n = 1 state results in an oscillator of a different frequency cu 1 = the 
relation between u and Ui being 



Wo = ( 2(1) + I) Wl - (4) 
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Eq.(4) is interpreted as: the first QB transforms the energy difference -(c^o — 

uji) = 2(1)cji to one pair of mass quanta, each mass quantum of frequency 
U\. In quantum language, the first QB is transition of the isotropic oscillator 
of frequency tvi, from its \n = 1) state to its \n = 0) ground state and 
spontaneous emission (a la Einstein) of one p- quantum (paired-quantum) of 
frequency uj\. This is equivalent to a Planck oscillator spontaneously emitting 
one quantum of frequency u>i, and is thus analogous to an atomic transition 
from one quantum state to another with spontaneous emission of a light 
quantum of frequency ui (see [3] and references cited therein). 

Hence one can calculate the spread Au in the frequency oo of the sponta- 
neously emitted mass-quantum in the same manner one calculates the spread 
in the frequency of the light-quantum in the atomic case, namely, by using 
the famous Golden Rule of time-dependent perturbation theory [4]. Thus 

Au = uo AB = J 2np UJ \(B\H I \A)\ 2 dQ. (5) 
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In Eq.(5), u>ab is the total transition probability per unit time for sponta- 
neous emission of a mass quantum of frequency u for the isotropic oscillator 
transition \A) — > \B), 

(to 

is the density of states in the uj continuum with the emitted quantum of 
momentum k (k = uj) directed within the solid angle dfl, and Hj is the 
self-interaction of the oscillator which we take to be 

Hi = p r = ~r ( r is the proper time, seefl]) (7) 

GST 

analogous to the atomic case. 

For the interaction (7), the squared matrix element 

\(B\ Hl \A)\ 2 = u 2 \(B\r\A)f. (8) 

Then the contribution f — ) from the n-th QB to the total matter density 

\PJn 

contrast is simply given by 

>5 P \ f 2Au A K imn) \*. ( 9 ) 



\ P ) n V / 7T 

For a given n the matrix element |(0|r|n)| 2 can be easily calculated using the 
isotropic oscillator wave functions given in [5] (we explicitly reproduce the 
first three wave functions in the Appendix). For the first QB 

l(0Ml)|2= 3^ (10) 



giving 



P/i 3tt 2 



1.75 xlO" 5 (11) 



1 

with = — - (see [1]). 
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For the second QB 

l(0k|2)| 2 =-^- (12) 



307TC<J2 
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giving 



with uo 2 = 3.1 x 10" 




1 
15tt 2 



U2 7 x 10- 8 (13) 



Contribution from the 3rd QB is of order 10~ n , i.e., negligible, and it is 
expected to be negligible for the remainder of the QB's in view of how the 
u; n 's decrease with increasing n. Thus the major contribution to the density 
contrast comes from the first QB and {5p/ p)m remains almost constant at 
the value ~ 1.75 x 10~ 5 during the successive 41 QB's. And it enters the 
classical FRW phase with this value. 

With lo\ — k\ — > k, Eq.(ll) is rewritten as 

15 k 3 k. (14) 
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Note the Harrison-Zel'dovich /c-dependence in (14). Equating (14) with Eq. 
(7.80) of [6] (see also [7]), namely 



'5M\ 2 




(15) 



one gets for the Zel'dovich amplitude A in \5k\ 2 = Ak n (n = 1) the value [8] 

A = ^ = °- 72 - ( 16 ) 
In essence the matter density contrast f — ] ~ 1.75 x 10" 5 , with its 

\pJm 

Harrison-Zel'dovich /^-dependence [9] and A = 0.72, results from the Quan- 
tum Big Bang. And then the classical FRW description takes over. 

Next we answer the question: what is the size of the universe when it 
enters the classical FRW phase? 

The universe enters the classical FRW description after the last 43-rd QB 
3 

with zero-point energy -u i3 = 1.5 x 10~ 61 (see [1]). The state of the universe 

2 

with this zero-point energy is described by the radial quantum equation [1] 



J_d_ ( 2 d_ \ 1 2 2 

■ 2r 2 dr \ r dr J + 2 W 



- j2(43)-^V ' (- 17 ) 
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with a completely spherically symmetric state function Thus the size of 
the universe with which it enters the classical FRW phase, (Iecpi is simply 
V^r times [1,10] the square root of the expectation value of r 2 for the state 

^43, Viz., 

&ECP = V / 47r(r 2 ) 43 . (18) 

The expectation value of r 2 for the state ip43 is most easily calculable by using 
the well-known result [11] that for a given quantum state of the isotropic 
oscillator the expectation value of the potential energy equals half the total 
energy: 




which, with u; 43 = 10 61 (see [1]), gives 

y / (r 2 ) 43 = 3 x 10 31 (= 4.8 x 10" 2 cm). (20) 

Or 

a ECP = 0.2 cm. (21) 

Thus the universe enters the classical FRW phase with a size equal to 0.2 
cm. 

With the present size of the universe ~ 10 28 cm and the present cosmic 
microwave background (CMB) radiation temperature ~ 2.4 x 10~ 4 eV (2.73 
K), the temperature and entropy of the very early universe come out to be 
10 16 GeV and 10 87 , respectively. 

It is clear from the results obtained in this paper that the hypothesis of 
classical inflation [12] at an early stage of cosmic evolution is not needed. 
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Appendix 



Here we reproduce the first three radial wave functions Rn,e=o( r ), n — 
0, 1, 2, for the isotropic oscillator from [5]. 



R (r) = n-VW^e-iW , a = u 
2 3 / 2 /3 

Ri(r) ' 
R2(r) 



-1/4 3/2 



3V2 V2 

2 3/2 
(15)172 



- — \ OLT) 



1/2 



15 



- 5(«r) 2 + (ar) 4 



e -3(«-) 2 . 
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